groups.
Each group contained 20 Ss of mean age 8, 10, 12, 14, 17, 21, 32, respectively. A group of Ss was tested twice with the nonpreferred hand and was divided into matched groups, according to the averaged time score. Ss were tested again with the nonpreferred hand for 6 trials, after 16 trials with the preferred hand in the experimental group and after a 15-minute rest in the control group, respectively. Performance of the preferred hand initially differed among age groups, but the difference disappeared as the trials proceeded. By a comparison of learning curves of the nonpreferred hand between experimental and control groups, it was clearly shown that the gain of performance was remarkable between the second and the third trials in the experimental group. Thus, the bilateral transfer effect was demonstrated for all of the 7 age groups. The amount of positive transfer was 50% in the 8-year group and was reduced to 20% in the 12-and 14-year groups, keeping a constant level of 25% thereafter. two sides of the human body. As the motor system is not yet well developed at an early stage, it has scarcely any effect upon the other part of the body; organs on each side acting independently of one another. However, as a person grows older, each side will acquire skills enough to give a facilitating effect on the other side. Then, as the differentiation develops on both sides of the body, the facilitating effect decreases, while the inhibitory effect increases. The positive bilateral transfer will show a tendency to decrease. Thus, there will be a critical age at which the bilateral transfer appears most remarkably. If such a picture is obtained through experimentation, it will suggest art optimal period for retraining handedness, and could he related to the systematic survey done by all of the subjects were inexperienced in this kind of experiment. Task of learning. Mirror-tracing was adopted as a task. Needless to say, a subject's past experience with a similar task has to be approximated to zero. Mirror-tracing has such a requisite and is desirable because it is a nonverbal task.
As a tracing pattern, the star figure is often used. However, it may be undesirable for the perceptual-motor task because its original image can easily be reproduced through its mirror image. Thus, the performance may not rc- fleet the level of perceptual-motor coordination exactly. To avoid such a possibility, irregular patterns as exemplified in Fig. 1 were used in the present experiment. Patterns were changed from trial to trial, but all of them had a course of 600 mm in total length and 3 mm in width and contained 11 bends with 50 mm intervals. Patterns were also designed so that each would contain approximately the same number of horizontal, vertical and oblique segments.
Apparatus. A mirror-tracing apparatus was used with some adaptation for children of younger ages.
Procedure. A summary of experimental procedure is shown in Fig. 2 . At the beginning, a group of subjects was tested twice with their nonpreferred hand (pre-test). Interval between the two tracings was 30 sec. With averaged time score thus obtained, the subjects were divided into matched groups, i.e., experimental and control groups.
In the experimental group, subject was instructed to change the hand from nonpreferred to preferred after 120 sec rest and practice 16 tracings with the interval of 30 sec. After the end of the 16th tracing, subject was given 120 sec rest and then told to do six more tracings with his nonpreferred hand (post-test).2 Intertrial interval was also 30 sec.
In the control group, on the other hand, 15 min rest was inserted between two tracings 2 In Group VI, subjects were instructed to make four tracings in the post-test. case of a previous experiment (Suzuki, Suzuki , Osada, Tsuji, & Hayashibe, 1972 Humphries and Shephard (1959) . The analysis mentioned above was done with all subjects combined as a group. Performance, however, showed great divergence among subjects in the same group, as stated above. So, in each of seven age groups, subjects were divided into highand low-level groups, according to the calculated ratio of the initial tracing time to the direct tracing time. Mean tracing time for each trial was compared between these two groups. As a result, the statistical difference became nonsignificant within a few trials in all age groups except Group I, where the difference remained significant throughout trials at the level of.05.
All the results cited above suggested that 16 tracings inserted for bilateral transfer was reasonable amount of practice to level inter-and intra-group variance of performance. Such a procedure, therefore, was found to provide a condition for estimating the transfer properly.
II. Effect of bilateral transfer. Using the procedure described above, bilateral transfer will be found in the learning curve of tracing with the nonpreferred hand.
Tracing time as a function of trials was compared between experimental and control groups for each of seven age groups. These were as shown in Fig. 4 . Although the initial performance differed widely among age groups, the difference decreased with repeated trials.
On the other hand, in the length of trace, no significant differences were found among the different age groups.
However, it was noted that an abrupt decrease in tracing time appeared from the second to the third tracing in the curve of each experimental group. Such a sudden reduction in time may be attributed to the insertion of trials with the preferred hand. A statistical test (t-test) was done to make this point clear (Table 2) . Although the time in the second tracing showed no significant differences between experimental and control groups for all age groups, the time in the third differed significantly for all age groups. Thus, the transfer effect was demonstrated for all groups.
Next, the percentage of positive transfer was calculated by the following formula proposed by Murdock (1957) . where E is the mean score (time or length) of the experimental group and C is the mean score of the control group. The result is as shown in Fig . 5 . Positive transfer effect reflected in the tracing time was 50% in Group I and was gradually reduced to 20% in Groups III and IV, keeping a constant level of 25% thereafter. The gain caused by the bilateral transfer gradually decreased as the tracing continued to be repeated, which fact is consistent with the result by Grice and Reynolds (1952) .
Similar analysis was attempted for length of trace, but the percentage of transfer was extremely slight and the t-test failed to demonstrate any support for the existence of transfer effect in this measure.
III. Relationship between the learning effects of the preferred hand and those of the nonpreferred hand. This is another line of analysis on the bilateral transfer effect. As already shown, the increase in performance level differed widely among subjects in the same age groups, although the mean value did not show a statistically significant difference among age groups.
So, the subjects were divided into highand low-acquisition groups, according to the calculated ratio of the final tracing time to the first tracing time for each sub- ject of the experimental group. Likewise, according to the time in the final tracing, the subjects were divided into high-and low-level groups. However, these subgrouping procedures yielded no significant differences in the two learning curves. Thus, it seemed to be confirmed that the process of progress in tracing with the nonpreferred hand had no distinct correspondence to either the finally attained level through inserted practice or the degree of progress of the preferred hand. This was the case in all the seven age groups. From this finding, it may be assumed that the difference in the amount of transfer among age groups was derived from a more basic condition than the differential effects fo the experimentally inserted practice. However, the mechanisms still remain an open question for further analysis.
IV. Performance in the direct tracing. As described earlier, tracing time was measured under the condition of looking directly at the pattern. The result is as shown in Fig. 6 . Mean tracing time was shortened from Group I to Group III with an asymptotic level of 15 sec thereafter.
The authors' expectation was that it would be an indicator of the net maturity level of motor function. However, it was occasionally noted that a subject in the experimental group spent a longer time than expected because of his perplexity or be- 
DISCUSSION
Bilateral transfer was found for the time score and not for the length of trace. And it was 50% in the 8-year children and was reduced to 20% in the 12-to I4-year old, keeping a constant level of 25% thereafter.
The explanation of such a differential effect still remains an open question, to which the authors must give attention.
Setting this aside, some problems still need to be discussed. The length of trace was adopted as a measure in addition to the tracing time. In the transfer experiment, the error score, e.g., the frequency of straying off the course has been available as a measure. However, the error score is so susceptible to incidental factors that some suspicion of its validity is aroused. The length of trace was found to be a more consistent measure, although it did not FIG. 6 .
Mean direct tracing time as a function of age.
show the transfer effect so clearly as did the time.
In this study, the amount of transfer was obtained by the formula proposed by Murdock, in which only the score in the post-test is used in the calculation. It seems better to take both scores in the pretest and post-test into consideration, since the two groups were not completely matched.
An example of the formula might be, A future benefit of such a research as cited above might be an effective retraining of handedness in the field of education.
